Introduction
Automation can remove much of the tedium and labour from titration, and the availability of personal computers permits efficient control and the opportunity for fast data-processing at a low cost. In addition, the versatility of the computer allows almost any type of potentiometric determination, including Gran's plot. This paper describes a titration unit controlled by a ZX81 microcomputer through a parallel bus interface system, which can also be used for calibrating electrodes with respect to ion concentration; this is illustrated for a precipitation titration of silver nitrate with bromide using a silver wire indicator electrode and glass reference electrode (Corning Model No. 33 1070 030).
Instrumentation
The instrumentation layout is shown in figure 1 . The titrator employs a Mettler DV11 digital burette, which is driven by a stepper motor, and which, when fitted with a 10cm cylinder assembly (Mettler DV210), can deliver titrant in mm (#1) A Bryans (J-J Instruments type PL3) X-Y recorder is used to make high-resolution plots of titration and derivative curves.
With the standard program (obtainable from the authors) three plots (titration curve, second derivative, and calibration curve for direct potentiometry) are drawn on to A3 paper. figure 3 . When the correct combination appears on the address lines (i.e. A 4, 5, 8, 9, 14, 15 LOW; A 6, 7, 10, 11, 12, 13 These are selected by decoding A2 and A3 into four lines (IC5, figure 3 ). This leaves A0 and A1 to control the circuit blocks. In this design, a bidirectional tri-state buffer (IC4, figure 3 ) is used to isolate the external circuitry from the ZX81. figure 5 ).
This device is quite easy to use, but because of the eight-bit limitation of the data bus, it must be loaded with data in three sets of four bits each [3] . A fourth operation then combines the bits and generates the analogue output.
Thus, when the first DAC address is selected (DAC1 low, A0, A1 low) the first converter will expect the four least significant bits to be present on the data bus when the WR (Write) line goes low; when the second address is selected (A0 high, rest as before) the device will expect the middle four bits; similarly for the third address and the four most significant bits.
When the fourth address (A0, A1 high) is selected, the data lines are ignored and the data previously collected is transferred to the 12-bit output register of IC9, from which the appropriate analogue voltage is derived.
The CLEAR input (figure 5) can be used to reset the 12-bit register to zero, and is operated by the SW function described earlier. In the circuit offigure 5, the output voltage ranges from 0 to (-4095/4096)xVref, so the reference voltage must be negative for a positive output range. The negative supply for the reference and output amplifiers is taken from the analogue-todigital converter (see below) which has an on-board supply inverter.
Analogue-to-digital converter (ADC) The connection of the Intersil-Datel 4Xz-digit millivoltmeter to the ZX81 data bus involves dual use of data lines and machinecode programming. This meter gives access to its digital outputs via four data lines and five digit 'strobes' (figure 6).
The display is internally multiplexed [4] , i.e. the digits are illuminated sequentially (the most significant first) but with such a high repetition rate (500 Hz) that they appear continuously lit.
Thus, at any time, the data lines carry a binary coded numbe?
representing just one of the digits, the digit strobe lines indicating which. The computer is required to wait for the first digit line to go high, then read the data lines, store the number, and go back to wait for the next digit, in less than 0.4 ms. This must be done with a short piece of machine code rather than BASIC. The data lines are used alternately for examining the digit and data outputs, which are accessed as required through the tristate buffers IC 11, 12 (figure 6). The required buffer is selected by ADC, A0 and A1 as shown. The program address of each buffer is chosen so that when selected, its address line will go low, while the address line of the other buffer remains high. The polarity signal from the meter, which goes low when negative, is inverted and fed in with the data lines.
ADC input machine-code subroutine
The Z80 code subroutine I-5] pendent on the solubility product for an insoluble product or the formation constant for a complex. (2) Knowing the stoichiometry of the reaction, the titrand concentration can be found at all stages of the titration (figure 9).
For instance, at Va (figure 9), the amount oftitrand in solution equals (Vep-Va) times the titrant concentration; so the titrand concentration can be found by allowing for solvent volume, dilution by titrant, solubility product, and stoichiometry.
Knowing the titrand concentration at each point, plotting log (conc) versus electrode EMF will result in a conventional calibration curve. This is illustrated in figure 10 for a silver ion calibration of a silver wire electrode used in conjunction with a glass electrode as reference. This is generally applicable to various potentiometric indicating electrodes, including ionselective electrodes, and is far less tedious that the conventional static procedure based on serially diluted standard solutions.
Program and illustrative results
The titration program is constructed in sections, based on subroutines for operating the interface system. The structure is shown in the block diagram (figure 7).
On running the program, the user chooses from a 'menu' of available options.
Titration options
The first main option is the titration, which then prodeeds 
Results options
The second menu option is a display and print-out of titration results, while titration curve plotting is the third option. Typical results for a precipitation titration of silver nitrate with potassium bromide are shown in figure 8 .
Besides titration and derivative curves, electrode calibration curves may be drawn, based on the following principles:
(1) At the endpoint of a titration, there is a known small concentration of detectable species in solution, de- -6 -4 -3 Log [Ag + Figure 10 . Calibration of silver wire with respect to silver ion concentration from titration curve of figure 8. 
